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Saponins are common components in many functional foods and medicinal 
products. Based on chemical structures, they are comprised of aglycone and 
diversified sugar moieties. However, existing methods cannot achieve accurate 
quantification of total saponins. The current "official" method utilized colorimetric 
assay for total saponins quantification. This method is subject to great interferences 
caused by common components in food, such as sugars, amino acids, fatty acids, and 
pigments. The chromatographic methods are not suitable for quantifying total 
saponins and suffer from low sensitivity.  
Aiming at developing a scientifically sound quantification method for total 
saponins, an acid hydrolysis step was added prior to colorization reaction to detach 
the sugar moieties on aglycone. This treatment would reduce interferences from 
sugars. For complex samples, solid phase extraction followed by acid hydrolysis and 
colorization reaction can help clean up the samples for colorization reaction. The total 
aglycone was quantified by a standard curve and the total saponins were expressed as 
ginsenoside Re equivalent. The novel analytical method was validated by examination 
of its sensitivity, accuracy, and precision. Using this method, the total saponins 
contents in seven botanical extracts and one commercial wine product were quantified. 
The comparison of the results from current "official" method and that from the 
modified method showed that the current method suffered from severe interferences 




Furthermore, reversed-phase C18 column was applied for identification and 
characterisation of saponins and aglycones, using HPLC and LC-MSn. Seven 
ginsenosides and one saponin from wolfberry, as well as their aglycones, were 
successfully characterised. 
Overall, this project developed a validated and more accurate quantification 
method for total saponins, and an HPLC method for individual saponin identification. 
The analytical method of saponins is promising and practical in various research areas, 
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1.1 Classification and structures of saponins 
Saponins are widely distributed natural products. As evidenced by phytochemical 
studies of many plant species, saponins primarily exist in plant kingdom, including 
common vegetables such as asparagus, beans, blackberries, peas, potatoes, sugar beet 
and tea 1, 2. Therefore, saponins play an integral role in our daily diets. 
Saponins are diversified in structures. Each saponin molecule typically consists of 
one nonpolar aglycone coupled with one or more monosaccharide moieties. Based on 
chemical structure differences in carbon skeletons, aglycone can be classified as 
triterpene and steroid. Both of them have many different substitutes, primarily methyl 
and carboxyl groups, attached at different positions of the ring skeleton (Figure 1.1) 3 
4
. Each type of aglycone also has three structural sub-types (Figure 1.2) 5. The 
combination of polar and non-polar structural subunits in their molecules results in 
soap-like behavior in aqueous solutions, which is also the origin of their names 6. 
Saponins are also non- ionic surfactants, which are characterised by foaming and 
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Figure 1.2 Chemical structures of three types of steroid aglycone (left) and three 




Based on the number of sugar chains, saponins are categorised into 
monodesmosidic and bidesmosidic saponins (Figure 1.3). Monodesmosidic saponins 
have a single sugar chain, normally attached at C-3. Bidesmosidic saponins have two 
sugar chains, with one usually attached through a C-O linkage at C-3 and the other 
attached through an ester linkage at C-28. Bidesmosidic saponins are easily 
transformed into monodesmosidic saponins by, in the case of triterpene saponins, 
hydrolysis of the esterified sugar at C-28. So far, most of the saponins isolated in 
nature tend to have relatively short sugar chains, containing two to five 

















1.2 Biological functions of saponins  
Saponins are very important bioactive components. Previous studies have 
provided enormous evidences exposing that they have different health-related 
functions. They have been reported to have antioxidant, anti- inflammatory, 
adaptogenic, antimicrobial, and analgesic activities 8. Other multiple pharmacological 
actions include antiplatelet, anticoagulant, antithrombotic, anti-atherosclerosis, 
lipid- lowering, vasodilative, anti- ischemia, anti-arrhythmia, anti-hyperplasia, and 
angiogenesis promotion effects 9-11. Thus, saponins can reduce the risks of many 
diseases and have protective effects on human health as potential therapeutic agents 
12.  
For instance, accumulated evidences suggested that saponins had significant 
neuro-protective effects on attenuation of central nervous system disorders, such as 
Parkinson’s disease, stroke, Huntington’s disease, and Alzheimer’s disease 13. 
Saponins could regenerate the neural network by directly promoting cell survival, 
improving neurite outgrowth, and recovering the activities of axons and synapses 14. 
They could also prevent malfunction of neurons by altering levels of 
neurotransmitters, neurotransmitter receptors, and second messengers. Moreover, 
their functions on cardiovascular health were also reported. A research conducted by 
Manivannan et al used adenine induced chronic renal failure rats to prove that 
diosgenin, a steriod saponin, was potential to attenuate cardiac remodeling via 
reducing blood pressure in their hearts 15. Saponins could also act as antioxidant by 




that they had protective effects on oxidative stress- induced damage and apoptosis in 
cultured rabbit bone marrow stromal cells, through scavenging reactive oxygen 
species and regulating the metabolism in vivo 17. Furthermore, it was found that 
several steroid saponins in aged garlic extract had tumor-inhibitory effects and 
antifungal activity, as well as in vivo cholesterol- lowering effect on rats 18. Further 
experiments by Luo et al also verified the antioxidant effect of garlic saponins, which 
can protect cells from hypoxia-induced damage 19. 
 
1.3 Saponins in foods and herbs 
1.3.1 Saponins in foods 
Saponins are widely distributed in legumes, such as soyabean, pea and lupin. 
Soya saponins are probably among the most intensively studied saponins in foods. 
Based on the structural diversities of aglycones, they are divided into A, B, and E type, 
all of which belong to triterpene glycosides 20.  
Soyabean is one of the major dietary sources of saponins for humans, domestic 
animals, and farmed ﬁsh. Experimental evidences provided by Kortner et al revealed 
that soya saponins inclusion in Atlantic salmon had hypocholesterolaemic effects, 
accompanied by decreased bile salt metabolism. Both the bile acid transporter and 
hepatic gene expression of the rate- limiting enzyme in bile acid biosynthesis were 
down-regulated by soya saponin inclusion 21. Their conclusions are corresponding 
with the cholesterol- lowering effects of steriod saponins in garlic extract mentioned in 




Tea saponins are also a major source of saponins in foods. These saponins 
primarily exist in tea-seed cake, the residue during tea oil production 22. A study 
carried out by Hu et al investigated the effects of tea saponins on ruminal 
fermentation. Their results suggested that tea saponins could inhibit the release of 
ammonia and methane, and modify the rumen fermentation, which might be 
beneﬁcial for improving nutrient utilization and animal growth 23. Hess et al also 
provided further insights about the same gas inhibitory and rumen fermentation 
regulation function on saponin rich tropical fruits, such as Pithecellobium saman 24. 
 
1.3.2 Saponins in traditional Chinese herbs 
Saponins are key functional ingredients in many traditional Chinese herbs, and 
are believe to be the sources of most biological and pharmaceutical properties 25. 
Among thousands of traditional Chinese herbs, the Araliaceae family is one of the 
most important plant families. Previous investigations have indicated that saponins 
are major bioactive components existing in Araliuccae family 7. It is reported that 
more than 50 saponins have been isolated and identified from Panax species with 
various pharmacological activities, including stimulation of metabolic functions, 
recovering physical balance, and increasing mental efficiency 26. Perhaps the most 
famous member of this family is ginseng (Panax ginseng C. A. Meyer). Saponins 
primarily exist in its roots 16 27.  
Besides ginseng, saponins are also major active components isolated from roots 




control internal and external bleeding 28. Another famous genus named Bupleurum is 
officially listed in Chinese and Japanese Pharmacopoeias and used to treat different 
ailments. For example, the dry roots of Bupleurum fruticescens L. (Apiaceae) are used 
to treat disorders associated with inflammation, in which the main bioactive 
compounds are saiko saponins 29. Allium chinense G.Don and Allium macrostemon 
Bunge (Alliaceae) are raw materials of a Chinese medicine “Xiebai”, which is used to 
treat chest pain and cardiac asthma. Their active constituents are also proved to be 
saponins 30. Moreover, a recent study found that four triterpene saponins derived from 
Yuanzhi, a well-known traditional Chinese medicine, have antidepressant- like activity 
31. 
Due to the diverse distribution and biological activities, saponins have been used 
as major pharmaceutical components in medicinal products or patents, such as 
Yunnan Baiyao and Xuesetong 32 33, two famous traditional Chinese medicine 
products. The former contains thirteen saponins, including five triterpene saponins 
and eight steroid saponins 32. Likewise, a Chinese medicine patent called Danshen 
Dripping Pill consists of nineteen saponins primarily derived from Salvia 
miltiorrhizae and Panax notoginseng 34. As these plant-originated saponins may 
promote the abilities of immune system, they also have the potential to be used in 
design of new vaccines in order to produce a desired immune response. 
      
1.4 Analytical methods for saponins 




Conventional analytical methods for saponins, from the perspective of 
identification and quantification, can primarily be classified into two types, 
colorimetric assay that measures total saponins, and chromatographic methods that 
analyze individual saponin 5. The colorimetric assay applies vanillin as colorization 
reagent under strong acidic conditions, such as sulfuric acid and perchloric acid, to 
develop color. Results can be measured by ultraviolet (UV) spectrophotometer. It is a 
simple, sensitive and rapid method for the determination of total saponins 35, and 
wildly applied in evaluating saponins in foods, such as beet root 1. However, few 
research has been reported about the chemical principles of vanillin based 
colorimetric assay. The most recent detailed research can be traced back to 1970s 35. 
The mechanism of this reaction is unknown, so does the structure of its intermediate 
and ultimate products.  
 
(2) High-performance liquid chromatography (HPLC) 
Current studies focus mostly on chromatographic determination, such as liquid 
chromatography. The most commonly used chromatographic technique is HPLC 
coupled with UV detector 36. HPLC can be used as a relatively effective tool for 
separation, identification, and quantification of saponins 5. For instance, Xing et al 
used HPLC for the separation and determination of three triterpene saponins in 
Centella asiatica 37. Nevertheless, one major difficulty for HPLC determination is, 
most saponins possess weak isolated olefinic chromophores that absorbs at short 




detection wavelengths in the range of 200–210 nm, but some saponins do not have 
UV absorbance at above 200 nm due to the lack of olefinic bonds. Thus, this method 
is not applicable for these saponins. In order to overcome this problem, analytical 
methods have been developed using evaporative light scattering detector (ELSD) 
coupled with HPLC 38. Saponins that do not have UV absorbance can be detected by 
ELSD. This detector was successfully applied for the determination of seven saponins 
in Flos Lonicerae, and for the measuring of soya saponins A and B 39. However, 
because it is very expensive and, not user- friendly and not sensitive, ELSD is still not 
commonly used for the routine quality control of saponin containing herbal and food 
products, whereas HPLC coupled with UV detector remains the primary method for 
saponins analysis 40. 
 
(3) Liquid chromatography-electrospray ionization mass spectrometry 
(LC-ESI-MS) 
Because HPLC has difficulties in identifying saponins, applying MS to structural 
elucidation has become increasingly common over the last few years. It has been 
extensively used to determine, to confirm and to characterise saponins in foods and 
plant extracts 5. For instance, Zhang et al successfully characterised five steroid 
saponins extracted from the rhizome of Dioscorea zingiberensis C.H. Wright by 
HPLC-UV-MS2 41. Man and Gao's research team successfully identified nine saponins 
from the crude extract of Paris and Trillium by HPLC-ELSD-MS3 42. However, the 




unable to be ionized. Also, this method cannot be utilized for quantification.  
 
(4) Thin-layer chromatography (TLC) 
TLC is a supporting technique in the analysis of saponin fractions obtained from 
column chromatography. It has also been used to confirm the identity and purity of 
isolated compounds. Even though this is a simple and cost-saving method, due to its 
low accuracy and relatively low separation ability to complex compounds, it has been 
gradually replaced by HPLC 43. Unlike ESI-MS, this method cannot provide 
information about molecular weight and structure of a compound. Also, it cannot be 
used for quantification of saponins.  
 
(5) Other chromatographic methods  
Other chromatographic methods for saponins analysis include low-pressure 
column chromatography (LPCC), gas chromatography (GC), and ultra performance 
liquid chromatography (UPLC). These methods are not widely reported and under 
developed. For LPCC, it is used as a preparative separation of individual saponin, for 
biological activity evaluation and structure determination. This method needs proper 
selection of stationary and mobile phase, and the few number of possibilities for 
stationary phases limits the usage of this method 38, 44. Gas chromatography usually 
combined with MS for saponins determination. For instance, Li et al identified four 
steroid saponins in Tribulus terrestris by GC-MS, proved it to be a sensitive and rapid 




compounds 45. Thus, some saponins cannot be detected and analyzed by this method. 
Compared with HPLC, UPLC is more rapid, sensitive and has higher resolution. It is 




While colorization method for quantification of total saponins remains to be 
validated, the HPLC method suffers from low sensitivity. Therefore, the broad 
objective of this research is to develop a novel analytical process to significantly 
increase the accuracy and precision of total saponins quantification. It is desired to 
have a chemically sound and user- friendly method for industrial application. By using 
this method, I hope to quantify the total saponins in plant extracts, dietary 
supplements, and functional foods, where saponins may be the active components. 
The quantification results are also the premises for further analysis on biological and 
pharmaceutical functions.  
The specific aims of this project are to: 
1) Develop a validated and innovative analytical method for quantification of 
total saponins. Particularly, this method can be used to quantify the total saponins 
with good sensitivity, accuracy and precision. Also, it should not be selective to 
different saponins, but can differentiate saponins from other compounds.  
2) Compare the novel method with current quantification methods, in order to 




3) Isolate and characterise saponins in several traditional Chinese herbs. Apply 
the novel method for total saponins quantification in those saponin containing 
traditional Chinese herbs. 
4) Explore the feasibility and accuracy of this novel analytical method in different 





















Chapter 2 Interferences in colorimetric determination 







By now, more than six thousands articles regarding the chemical constituents, 
traditional uses, pharmacological and biological effects of ginseng have been 
published since Petkov reported the pharmacological properties of ginseng extracts in 
1950s 47. These pharmacological activities of ginseng primarily resulted from ginseng 
saponins, also named as ginsenosides. 
According to their structural features, more than one hundred ginsenosides have 
been classified in research articles. Among them, ginsenosides Rb1, Rb2, Rc, Rd, Re, 
Rf, and Rg1 are most abundant in the roots of raw ginseng 3. Figure 2.1 shows the 
diversified chemical structures of major ginsenosides 33. Commonly, they can easily 
be dissolved by organic solvents, such as methanol and acetonitrile, but are less 
soluble in water. In this project, ginsenoside Re was selected as a representative of 















Ginsenoside R1 R2 Molecular Weight 
F2 glc glc 784 
Ra1 glc(2-1)glc glc(6-1)arap(4-1)xyl 1210 
Ra2 glc(2-1)glc glc(6-1)araf(4-1)xyl 1210 
Ra3 glc(2-1)glc glc(6-1)glc(3-1)xyl 1240 
Rb1 glc(2-1)glc glc(6-1)glc 1108 
Rb2 glc(2-1)glc glc(6-1)arap 1078 
Rb3 glc(2-1)glc glc(6-1)xyl 1078 
Rc glc(2-1)glc glc(6-1)araf 1078 
Rd glc(2-1)glc glc 946 















Ginsenoside R1 R2 Molecular Weight 
F1 H glc 638 
Re glc(2-1)rha glc 946 
Rf glc(2-1)glc H 800 
Rg1 glc glc 800 
Rg2 glc(2-1)rha H 784 
Rh1 glc H 638 
Figure 2.1 Chemical structures of major ginsenosides 
*Glc: β-D-glucose; Arap: α-L-arabinose (pyranose); Xyl: β-D-xylose; Araf: 
α-L-arabinose (furanose); Rha: α-L-rhamnose. 
 
2.1.2 Current colorimetric determination method of total saponins 
According to Chinese pharmacopoeia, colorimetric method is treated as the 
official quantification method for total ginseng saponins. This reaction applies 




10 min. After interaction with saponins, a red-brown pigment appears, with UV 
absorbance maximum at 540 nm. By measuring the UV absorbance values at 540 nm, 
a linear relationship between the concentration of saponins and UV absorbance can be 
established, as a standard curve when ginsenoside Re is used. The total saponins 
contents in samples are quantified as ginsenoside Re equivalent, using the linear 




Figure 2.2 Chemical structure of vanillin  
However, few research has been reported about this colorization reaction. 
Information that is necessary to comprehensively disclose the mechanism, the 
intermediate as well as ultimate products of this reaction are quite limited. Moreover, 
it is unclear whether the diverse sugar moieties attached on aglycones influences the 
quantification results. It is highly possible that different saccharides have different 
effects on the colorization reaction. Especially, a certain food matrix usually contains 
sugars, amino acids, and fatty acids besides saponins. Whether these common 
components in the food matrix affect the quantification of total saponins is important 
for further research. Without enough evidence on its accuracy and precision, this 






2.2 Materials and methods   
2.2.1 Materials 
Ginsenoside Re standard was purchased from National Institute for Food and 
Drug Control (Beijing, China), and used as a representative of ginsenoside for the 
identification and quantification of total saponins. Vanillin, glycine and palmitic acid 
were purchased from Sigma-Aldrich (St. Louis, Missouri, USA). D-(+)-glucose was 
purchased from BDH Chemicals (London, UK). 
 
2.2.2 Colorization reaction of ginsenoside Re 
Ginsenoside Re (20 mg) was weighted accurately and dissolved in methanol (10 
mL) to give ginsenoside Re stock solution (2 mg/mL, or 2.11 mM), using methanol to 
dilute the stock solution by 2, 4, 8, 16 times. Five ginsenoside Re standard solutions 
were obtained with concentrations of, from low to high, 0.13, 0.26, 0.53, 1.06, and 
2.11 mM, respectively. 
The color development reagents consisted of sulfuric acid (3 mL, 77% in water) 
and vanillin (0.5 mL, 8% in methanol). The color development reagents must be used 
immediately once they are mixed together, otherwise vanillin may be oxidized. The 
color development reagents (450 μL) were added to each ginsenoside Re standard 
solution (50 μL) for colorization. Hence, the reaction concentration of ginsenoside Re 
was 10% of its standard solution concentration (Table 2.1). Meanwhile, the color 
development reagents (450 μL) were also added into equal volume of methanol (50 




min, and put in iced water immediately. For each group, the UV absorbance at 540 nm 
was measured after the solution reached room temperature. The baseline of UV 
spectrophotometer was adjusted using water prior to sample measurements. The blank 
control group was repeated for six times, whereas the other five groups were 
triplicated.  
 




of Re (mg/mL) 
Molar concentration 
of Re (mM) 
Reaction 
concentration (mM) 
1 0.125 0.13 0.013 
2 0.25 0.26 0.026 
3 0.5 0.53 0.053 
4 1 1.06 0.106 
5 2 2.11 0.211 
 
2.2.3 Interferences in colorimetric determination 
To investigate the effects of other components in the colorization reaction, 
glucose, glycine and palmitic acid were selected as representatives for sugars, amino 
acids, and fatty acids, respectively. It is crucial to confirm whether these compounds 
interact with color development reagents. The relationships between concentrations of 
these compounds and their interferences should be examined as well.  
Glucose (20 mg) and glycine (20 mg) were dissolved in water (10 mL)  as stock 




palmitic acid (20 mg) in chloroform (10 mL). Each stock solution was diluted by 2 
and 4 times using water or chloroform. Thus, I obtained glucose, glycine and palmitic 
acid standard solutions with three different concentrations (0.5, 1, and 2 mg/mL). The 
color development reagents (450 μL) were added into the nine standard solutions (50 
μL). The colorization reaction was carried out under the same conditions described in 
Section 2.2.2. Besides, equal volume of water (50 μL) and chloroform (50 μL) were 
mixed with color development reagents (450 μL). They were viewed as blank control 
groups for glucose, glycine, and palmitic acid, respectively. All groups were 
triplicated. 
In order to further investigate the potential interference of glucose, glycine, and 
palmitic acid for total saponins quantification, standard solutions (1 mM) for the three 
compounds were prepared. Each standard solution (25 μL) was spiked to equal 
volume (25 μL) of ginsenoside Re solution with similar molar concentration (1.0 
mg/mL, or 1.06 mM). The resulting solution was mixed with color development 
reagents (450 μL), and colorization reactions were carried out subsequently under the 
same conditions described in Section 2.2.2. Each group was triplicated. After reaction 









2.3 Results and discussion 
2.3.1 Quantification of ginsenoside Re via "official" colorimetric method 
A red-brown pigment was produced from ginsenoside Re after heating under 
70℃ for 10 min with color development reagents, which was consistent with Hial's 
results 35. The UV scan from 190 nm to 800 nm showed that the maximum 
absorbance wavelength of this pigment was 540 nm (Figure 2.3). In the blank control 
group using equal volume of methanol, the same phenomenon could also be observed, 
with UV absorbance at 540 nm of 0.253 ± 0.012 (n = 6).   
   
 
Figure 2.3 UV-VIS spectra of colorization reaction product from ginsenoside Re 
      






For the other five groups, the UV absorbance measured by UV spectroscopy 
should be deducted by the value of blank control, thus, the absolute UV absorbance at 
540 nm could be calculated. Using the absolute absorbance at 540 nm as x-axis, and 
the reaction concentration of ginsenoside Re as y-axis, a standard curve was plotted 
(Figure 2.4), which showed the relationship between ginsenoside Re concentration 
and colorization reaction results. The reaction concentration (y) was calculated by 
Equation 2.1: 
y = 0.1692×Abs540 - 0.0113                   (2.1) 




Figure 2.4 Ginsenoside Re standard curve measured by official method. 
      




The stability of this pigment was also evaluated by measuring its UV absorbance 
at 540 nm every five minutes until 30 min (Figure 2.5). Due to the dehydration effect 
of sulfuric acid, the color of the solution darkened over time. After 30 min, the UV 
absorbance changed by 2.41%. This confirmed the stability of the pigment and the 
accuracy of measured UV absorbance values within 30 min. However, in order to 
improve the accuracy of quantification, it is necessary to put the tube into iced water 
immediately in order to terminate the colorization reaction. Also, it is important to 
measure the UV absorbance quickly.     
   
 








2.3.2 Statistical analysis 
(1) Accuracy 
Every concentration of ginsenoside Re solution was measured repeatedly for 
three times. The standard deviation (SD) was calculated by Equation 2.2: 
                                                                              
                                       (2.2) 
in which xi was the UV absorbance in each parallel test, x is the average value of at 
least triplicate. By calculation, the standard deviation of this current "official" method 
is 1.10%. 
 
(2) Limit of detection (LOD) and limit of quantification (LOQ) 
LOD and LOQ are two important indicators in analytical chemistry. LOD is the 
lowest analyte concentration at which detection is feasible, whereas LOQ is the 
lowest concentration at which the analyte can not only be reliably detected but its 
amount can be quantified 48. The two terms are used for evaluating the sensitivity 
of an analytical method. 
There are many ways of calculating LOD and LOQ. Since the quantification of 
saponins is a common practice in traditional Chinese medicine for quality control 
purpose, I follow the regulation in Chinese National Standard GB/T5009.1-200. LOD 
and LOQ are calculated based on Equation 2.3 and Equation 2.4: 
                   LOD = 3×SDblank×b                            (2.3) 















where SDblank is the standard deviation of blank control group (n = 6), which is 
measured to be 1.2%; and b is the slope of ginsenoside Re standard curve, which 
equals to 0.1692. Therefore, LOD for this method was 6.3 µM and LOD was 16.9  
µM.  
 
2.3.3 Interferences by other common food components 
The effects of various types of compounds, including glucose, glycine and 
palmitic acid were examined, firstly with direct colorization reaction, followed by 
mixed with ginsenoside Re solution. During the experiments, it was observed that all 
the three compounds produced red-brown pigments, with similar color compared with 
the pigment from ginsenoside Re. By the UV-VIS spectroscopy scan from 190 nm to 
800 nm, pigments from all the three compounds had maximum UV absorbance at 540 
nm (Figure 2.6). This result was consistent with the pigment from ginsenoside Re 
(Figure 2.3). The chromatography technologies, such as HPLC and ESI-MS, cannot 
identify the molecular weight and structure of the pigment. The chemical mechanisms 
behind the colorization reaction, for the three compounds, were still unclear. 
Nevertheless, these results can still indicate the deficiency of the current colorimetric 
determination method. 
 





     Figure 2.6 UV-VIS spectra of colorization reaction products from glucose, 
glycine, and palmitic acid. 
 
Based on the interference test results, the primary limitation for the current 
method is lack of selectivity. Besides ginsenoside Re, the other three compounds can 
also produce pigments with maximum UV absorbance at 540 nm. Meanwhile, the UV 
absorbance has positive correlation with reaction concentration, but no obvious linear 
relationships can be observed between them. Based on Equation 2.1, the ginsenoside 
Re equivalent for different concentrations of glucose, glycine and palmitic acid were 
calculated (Table 2.2). Approximately, in the colorization reaction, 1 mM of glucose, 
glycine and palmitic acid could cause interference with ginsenoside Re equivalent of 
0.092, 0.036, and 0.058 mM, respectively. Therefore, this method suffered from 
interferences on total saponins quantification. This problem cannot be neglected 




foods and medical products. Interference from sugar is of particular concern because 
saponins contain various number of monosaccharide units and will cause various 
degree of false positive. 








Glucose 0.278 0.278±0.008 0.036 
0.555 0.468±0.016 0.068 
1.110 0.625±0.014 0.101 
Glycine 0.666 0.212±0.011 0.024 
1.332 0.334±0.011 0.045 
2.664 0.432±0.014 0.062 
Palmitic acid 0.195 0.193±0.013 0.022 
0.390 0.269±0.007 0.034 
0.780 0.334±0.006 0.045 
 
Furthermore, the interferences could also be observed when mixing glucose, 
glycine and palmitic acid (1 mM) with similar molar concentration of ginsenoside Re 
(1.06 mM). The results are listed in Table 2.3. The occurrence of reaction between 
glucose, glycine, palmitic acid and color development reagents were further 
confirmed. The three common components produced variation ranging from 1.82% to 
8.57%, in which the strongest interference resulted from glucose and the weakest 




and fatty acids in a reaction system will lead to over-estimation of total saponins.  
 
Table 2.3 Interferences of glucose, glycine and palmitic acid on ginsenoside Re 
quantification. 
 Abs at 540 nm Variation* 
(%) 
50 µL Re (0.53 mM) 0.385 ± 0.009 - 
25 µL Re (1.06 mM) + 25 µL glucose (1 mM) 0.418 ± 0.011 8.57 
25 µL Re (1.06 mM) + 25 µL glycine (1 mM) 0.392 ± 0.005 1.82 
25 µL Re (1.06 mM) + 25 µL palmitic acid (1 mM) 0.397 ± 0.007 3.38 
*Variation (%) = (Test value - true value) / true value ×100 
Moreover, the diversities in sugar moieties may also result in variations in 
colorization reaction. However, whether the attached sugar moieties have consistent 
effects with free sugars are still unknown. At least, due to the interferences in 
complex system, the "official" colorimetric determination method is not precise and 
accurate for total saponins quantification. Therefore, a novel approach with higher 
accuracy and less interferences is indispensable to be developed and validated, which 
can be applied in total saponins quantification.  As there is no better and rapid method 
for quantification of total saponins, some modifications of the vanillin based 
colorization assay may help to remove the interferences and give more accurate 





Chapter 3 Development of an analytical method for 






The sugar moieties of saponins give rise to great diversity of their structures. In 
contrast, the structures of aglycones are more consistent. Therefore, if I primarily 
focus on the aglycone part, the quantification of total saponins will become more 
accurate and free from interferences of the sugar moieties when colorization reaction 
is applied.  
The attached sugar moieties can be romoved through the cleavage of glycosidic 
bonds, as complete hydrolysis. According to the existing literatures, this process can 
be achieved via the following three ways: enzymatic hydrolysis, microbial hydrolysis, 
and acid / base hydrolysis. 
 
3.1.1 Enzymatic hydrolysis 
According to the structure of saponins, the sugar chains attach to corresponding 
aglycone through glycosidic bonds. Basically, there are two types of glycosidic bonds, 
α- and β-glycosidic bonds, distinguished by the relative stereochemistry (R or S). An 
α-glycosidic bond is formed when both carbons have the same stereochemistry, 
whereas a β-glycosidic bond occurs when the two carbons have different 




between aglycone and sugar chains are of β type.  
Glycoside hydrolases are enzymes capable of breaking the glycosidic bonds 51. 
So far, more than 800 glycoside hydrolases are grouped into more than 50 families of 
related amino acid sequences, deduced from the nucleotide sequences of the cloned 
genes encoding them 52.  They are classified into two basic types, with specification 
to either α-glycosidic bonds or β-glycosidic bonds. The cleavage of glycosidic bonds 
in ginsenosides can be achieved by interacting with β-glucosidase 50, 53. This kind of 
enzyme can catalyze the hydrolysis of β-glycosidic bonds to terminal non-reducing 
residues 54. One previous research conducted by Zhang et al isolated a 
ginsenosdie-β-glucosidase from the root of Panax ginseng C. A. MEYER. This 
enzyme was capable of hydrolyzing ginsenoside Rg3 to ginsenoside Rh2, with the 
release of one molecule of glucose. It exhibited optimal catalysis ability at 60℃, pH = 
5, with the presence of calcium ion 55. However, this process was a partial hydrolysis, 
because one molecule of glucose residue still attached on the aglycone. For 
ginsenosides, no complete hydrolysis using enzymes have been reported.  
As the common properties of enzymes, the activities of glycoside hydrolases 
require specific reaction conditions, including optimal temperature, pH, and metal 
ions. Otherwise, the hydrolysis rates will be compromised. Moreover, the slow 
reaction rate and relatively high cost of enzymes are also deffiencies for enzymatic 
hydrolysis. The strict substrate specificity of enzyme is one major limitation as well 56. 
Even though I can find a suitable enzyme and develop the proper reaction condition 




this enzyme and condition are suitable for different saponins.       
 
3.1.2 Microbial hydrolysis  
Microorganisms utilize sugars, such as polysaccharides, for growth and survival. 
Hydrolysis of polysaccharides requires glycoside hydrolases with different 
specificities and modes of action 52. In general, microorganisms produce two levels of 
enzyme systems in vivo, in terms of complexity to degrade the glycosidic bonds 57. 
Each system is comprised of multiple types of glycoside hydrolase, usually more than 
twenty hydrolases58.  
Many microbial hydrolysis have been reported in existing literatures. For instance, 
Mu et al discovered a triterpene saponin from Ardisia gigantifolia, which could be 
hydrolyzed to a new deglycosyl derivative by Alternaria alternata AS 3.6872. This 
microbial hydrolysis was accompanied by the release of one molecule of glucose 59. 
Morrissey et al found a phytopathogenic fungus named as Stagonospora avenae, 
which could hydrolyze saponins in oat leaves 60. Further investigations provided by 
his team revealed that S. avenae WAC1293 secreted three enzymes, two 
β-glucosidases and one α-rhamnosidase. Degradation was initiated by removal of the 
rhamnose, followed by the release of glucose due to β-glucosidase activity 60. Besides, 
literatures reported that other phytopathogenic fungi, such as Gaeumannomyces 
graminis, Septoria lycopersici, and Botrytis cinerea, also had the hydrolysis ability, 
attributed to the expression of β-glucosidase 61, 62. 




glycosidic enzyme systems that are not well-understood yet. Because different 
enzymes have very similar characteristics, the purification and structural 
characterisation of particular glycosidic enzyme have been proved very difficult 52, 63.   
In this project, it is not effective to use microorganism for saponins hydrolysis, 
primarily because of the highly strict survial and growth conditions for 
microorganisms, the long period for hydrolysis, and the difficulty for the selection of 
microorganism. Meanwhile, like enzymatic hydrolysis, this approach is highly 
specific, which cannot guarantee the complete hydrolysis and the suitability for 
different saponins. Nonetheless, the substrate specificity of enzyme are of potential to 
facilitate the structural characterisation of saponins. 
 
3.1.3 Acid and base hydrolysis 
Acid and base can catalyze the hydrolysis of glycosidic bonds unspecifically. In 
saponins, the cleavage of glycosidic bonds occured when reacting under strong acidic 
or alkaline conditions. For instance, Peng et al hydrolyzed a steroid saponin from 
Dioscorea zingiberensis C. H. Wright by sulfuric acid (0.8 M, 6 h at 120 ℃). Results 
showed that acid cleaved one molecule of rhamnose, one to three molecules of 
glucose, and one molecule of water. Its aglycone (diosgenin), as well as partially 
hydrolyzed intermediate products could be observed after reaction 64. An earlier 
experiment conducted by Rothrock's research team showed similar phenomenon by 
hydrolyzing a steriod saponin isolated from Dioscorea barbasco amarillo. According 




hydrochloric acid (2 M, 2 h at 60 ℃). Whereas when the concentration of 
hydrochloric acid was 1 M, it was almost ineffective for hydrolysis 65. 
In human gastrointestinal tract, acid hydrolysis is related to the absorbance and 
metabolism of saponins. For instance, a metabolic and pharmacokinetic study of 
ginsenoside Re was carried out by Peng et al. By interacting with gastric acid (pH = 
2), with the assistance of colonic bacteria, gastric and intestinal enzymes, ginsenoside 
Re was degraded, releasing one molecule of rhamnose and becoming ginsenoside Rg1.  
This reaction was followed by eliminating one molecule of glucose, thus, the ultimate 
product was ginsenoside Rh2, with one glucose residue still attached to its aglycone 63, 
66.  
The base hydrolysis of saponins was rarely reported. For example, Ogihara et al 
added 2 M sodium hydroxide to saikosaponin D and refluxed for 1 h, obtaining the 
mixture of its aglycone and three partially hydrolysed intermediate products 67. Base 
is effective in hydrolyzing ester linkages present in some saponins, but may be 
ineffective for glycosidic bonds. Therefore, I presumed that acid hydrolysis could be 
the most feasible method to obtain aglycones. 
 
3.2 Materials and methods 
3.2.1 Materials  
Ethanol extractions of seven traditional Chinese herbs (1, wolfberry (Lycium 
barbarum); 2, ginseng (Panax ginseng); 3, huangjing (Polygonatum sibiricum); 4, 




(Rehmannia glutinosa); 7. sharen (Amomum villosum)) and one commercial wine 
(product A) were provided by Hainan Yedao Wine Company (Haikou, China). The 
SPE disposable cartridges (3 mL, packed with 500 mg 9P-Bond Elut-C18 OH) were 
purchased from IT Tech (Singapore).  
 
3.2.2 Separation of saponins by solid phase extraction (SPE) 
The C18 cartridge was firstly activated by methanol (9 mL), followed by water (9 
mL). Each sample solution (1 mL) was operated by removing ethanol via rotary 
evaporator under reduced pressure and reconstituted by water (1 mL). The resulting 
solution (1 mL) was subsequently loaded on the C18 cartridge and drained through by 
gravity. The solid-phase cartridge was washed with water (6 mL), 70% (v/v) methanol 
(6 mL), as well as 100% methanol (10 mL) 68. The last two eluates were combined 
and the solvent was evaporated on rotary evaporator. The residue was reconstituted in 
methanol (1 mL) for further analysis.  
 
3.2.3 Optimization of saponins hydrolysis conditions  
Ginsenoside Re was selected as the representative. Its chemical structure was 
described in Figure 3.1. Its complete hydrolysis should be accompanied by the 
release of one molecule of rhamnose and two molecules of glucose. Ginsenoside Re 
(20 mg) was weighted accurately and dissolved in methanol (5 mL) to give the 
ginsenoside Re stock solution (4 mg/mL, or 4.22 mM). A particular concentration of 




stock solution (0.5 mL). Moreover, during the reaction, in order to prevent the 
formation of precipitate, which might hinder the hydrolysis reaction, acetonitrile (0.25 
mL) was added into the mixture. The volume proportion of saponin solution, acid / 
base and acetonitrile was 2:1:1. 
To investigate the optimal reaction condition for complete hydrolysis, a 
comparison experiment was carried out. Different temperatures (70 ℃, 80 ℃, 90 ℃), 
reaction time (1, 1.5, 2, 2.5, and 3 h), and concentrations of HCl and NaOH (4 M, 6 M) 
have been investigated using ginsenoside Re solution (4.22 mM). The hydrolysis 
reaction concentration of ginsenoside Re was 50% of its original concentration, 
equaled to 2.11 mM. Equal volume of methanol (0.5 mL) was used instead of 
ginsenoside Re stock solution as blank control group. After reaction, the tubes were 
put into iced water immediately in order to terminate the reaction. Dichloromethane 
(5 mL) was added into the solution for the purpose of aglycone extraction, and 
followed by adding water (3 mL) to wash the organic phase two times. Thus, the 
aglycone and saccharrides could be separated. The organic phase separated was 
evaporated on rotary evaporator under reduced pressure to remove solvents. The 
residue was dissolved in acetonitrile (1 mL) and analyzed by ESI-MS to evaluate the 





















Figure 3.1 Chemical structure of ginsenoside Re  
 
3.2.4 Quantification of ginsenoside Re aglycone 
The ginsenoside Re stock solution (4 mg/mL, 0.5 mL) was hydrolyzed using the 
optimal hydrolysis reaction conditions determined by Section 3.2.3. After reaction, 
aglycone was extracted and purified as described in Section 3.2.3, to obtain its 
acetonitrile solution (1 mL). It was diluted by 2, 4, 8, and 16 times using acetonitrile, 
to give five aglycone standard solutions with different concentrations of, from low to 




using aglycone standard solutions, applying the same procedures described in Section 
2.2.2. The reaction concentrations of aglycone were 10% of its standard solution 
concentrations (Table 3.1). Color development reagents (450 μL) was added to 
acetonitrile (50 μL) as the blank control group. The UV absorbance at 540 nm was 
measured for each group. The blank control group was repeated six times, whereas 
the other five groups were triplicated.  
 











aglycone      
(mM) 
1 0.25 0.13 0.013 
2 0.5 0.26 0.026 
3 1 0.53 0.053 
4 2 1.06 0.106 
5 4 2.11 0.211 
 
    The aglycone standard curve was plotted using the absolute UV absorbance 
values as x-axis, and the reaction concentration of aglycone as y-axis. Standard curve 
equation generated via linear regression was used to calculate the original sample 
concentrations. The total contents of saponins in the samples were expressed as 
ginsenoside Re equivalent.  




from aglycone was carried out by measuring the UV absorbance  at 540 nm every five 
minutes until 30 min after colorization reaction.  
 
3.2.5 Validation of novel analytical method 
To examine the precision and sensitivity of this novel analytical method, the 
standard deviation, LOD and LOQ were determined according to Equa tion 2.2, 
Equation 2.3, and Equation 2.4, respectively. The accuracy of the novel analytical 
method was examined using spike recovery test. This involved the addition of known 
quantities of ginsenoside Re standard. The ginseng ethanol extract (1 mL) was treated 
by the SPE procedures described in Section 3.2.2, and reconstituted by adding 
methanol (2 mL). Ginsenoside Re standard solution (1.5 mg/mL, 0.25 mL) was spiked 
to the SPE solution (0.25 mL). The SPE solution (0.5 mL), as well as the spiked 
solution (0.5 mL) were hydrolyzed and quantified through the procedures in Section 
3.2.3 and Section 3.2.4. The spike recovery test was triplicated and recovery rate was 
calculated based on Equation 3.1: 
Recovery rate =   
(measured conc in spiked solution-measured conc in original solution)
theoretical amount spiked
 ×100%  (3.1) 
    
3.2.6 Comparison between current and novel analytical method 
The SPE treatments on eight samples from Hainan Yedao Wine Company were 
carried out as procedures described in Section 3.2.2, to give SPE solution (1 mL) for 




reaction, with the same procedures as the current method described in Section 2.2.2. 
The UV absorbances at 540 nm were measured and the ginsenoside Re equivalents in 
non-hydrolyzed samples were calculated based on Section 2.3.1.  
Meanwhile, some of SPE solution (0.5 mL) was used for hydrolysis, and 
followed by colorization reaction, as mentioned in Section 3.2.3 and Section 3.2.4. 
The ginsenoside Re equivalents of hydrolyzed samples were calculated according to 
the aglycone standard curve described in Section 3.2.4, and compared with the 
non-hydrolyzed groups. The measurement for each sample, both hydrolyzed and 
non-hydrolyzed, was triplicated.   
          
3.3 Results and discussion  
3.3.1 Hydrolysis conditions for saponins   
The effects of three factors in hydrolysis conditions, including temperature, 
hydrolyzing time and concentration of acid / base were examined first ly by ESI-MS 
on positive ion mode. 
Firstly, a preliminary experiment was carried out to determine the concentration 
of HCl and NaOH using for hydrolysis. Under 80℃ for 90 min, ginsenoside Re was 
reacted with 4 M and 6 M HCl, the ESI-MS spectra was shown in Figure 3.2 A and 
Figure 3.2 B, respectively. Their ESI-MS spectra revealed that acid for both 
concentrations could break the glycosidic bonds, and remove one molecule of glucose 
and rhamnose, detected at m/z [M+H]+ 639.2. The aglycone was also detected during 




though the complete hydrolysis was achieved and the fragment at m/z = 639.2 was 
missing, severe dehydration occurred during the hydrolysis. It was due to the linkages 
of four hydroxyl groups on aglycone. Fragment ions with m/z values of 459.2, 441.2, 
423.3, and 405.3 were observed (Figure 3.2 B), resulting from the loss of one to four 
water molecules, respectively. Because of the unknown mechanism of colorization 
reaction, it is difficult to evaluate whether the hydroxyl groups influence the 
colorimetric determination results. This dehydration problem may negatively 
influence the accuracy for total saponins quantification. To avoid such problems, I 
reduced the concentration of acid to 4 M in further experiments. 



































































Figure 3.2 ESI-MS spectra of ginsenoside Re hydrolysis products (80℃, 90 min) by 
adding A) 4 M HCl; and B) 6 M HCl. 






































Figure 3.3 ESI-MS spectra of ginsenoside Re hydrolysis products (80℃, 90 min) by 







In contrast, when 4 M sodium hydroxide was applied in hydrolysis of ginsenoside 
Re, I was only able to detect product with the release of the rhamnose residue at m/z 
value of 795.5 (Figure 3.3 A). Increasing the concentration of sodium hydroxide to 6 
M resulted in partial hydrolysis, which produced intermediate product with m/z of 
639.2 (Figure 3.3 B), and the ESI-MS spectra was similar with that produced by 4 M 
HCl (Figure 3.2 A). It can be concluded that the hydrolysis capability of sodium 
hydroxide is lower than hydrochloric acid, thus, base is not suitable to completely 
hydrolyze saponins into aglycone.   
After determining the acid contentration, the optimization of reaction temperature 
and time were carried out by temperature test as well as time course study. 
Temperature was set as 70 ℃, 80 ℃ and 90 ℃ with the addition of 4 M HCl. After 1 
h, hydrolysis products were detected every 30 min. The ESI-MS spectra showed that 
hydrolysis at 90 ℃ resulted in dehydration after 1 h, this temperature was therefore 
not suitable (Figure 3.4 A). Complete hydrolysis was observed at 3 h under 80 ℃ 
(Figure 3.4 B). While for the hydrolysis, 70 ℃ was ineffective to achieve complete 
hydrolysis because partial hydrolysis products could still be observed on ESI-MS 
spectra even after 3 h (Figure 3.4 C). Therefore, the optimal saponins hydrolysis 
condition was as follows: reacting under 80 ℃ for 3 h with 4 M HCl, in which the 
volume proportion of saponin solution, acetonitrile and HCl was 2:1:1. And this 
condition will be utilized for all the treatment during total saponins quantification and 
sample analysis. For every group involved in hydrolysis condition comparison, the 




The m/z values appeared on this spectra are irrelevant noise, such as m/z =515.2, m/z 
= 647.4, and m/z = 663.3. These irrelevant information on ESI-MS spectra can be 
































































Figure 3.4 ESI-MS spectra of hydrolysis product (4 M HCl for 3 h) under A) 90℃;  



























3.3.2 Method development 
The aglycone of ginsenoside Re was treated by colorization reaction and the 
UV-vis spectrum showed that the maximum absorbance wavelength was 540 nm. This 
was consistent with the pigment produced without the hydrolysis procedures. 
However, compared with pigment produced by ginsenoside Re at the same reaction 
concentration, the color of the pigment from aglycone was much lighter. In the blank 
control group using equal volume of acetonitrile, the same phenomenon was still 
observed, with UV absorbance at 540 nm of 0.198 ± 0.009 (n = 6).     
For the five aglycone standard solutions, the UV absorbance measured by UV 
spectrophotometer should be deducted by the value of blank control group, thus, the 
absolute UV absorbance at 540 nm can be calculated. A standard curve was 
established (Figure 3.6), which showed the relationship between the reaction 
concentration of aglycone and colorization reaction results. The colorization reaction 
concentration (y) of aglycone was calculated by Equation 3.2: 
y = 0.2576×Abs540 - 0.0001                   (3.2) 
whereas the concentration of aglycone standard solution used for colorimetric 
determination is 10 times of reaction concentration. And the original sample 
concentration used for hydrolysis is 2 times of aglycone standard solution, which is 20 









              Figure 3.6 Aglycone (hydrolyzed Re) standard curve  
 
After colorization reaction, the stability of this pigment was evaluated (Figure 
3.7). During the 30 min after reaction, the UV absorbance changed by 2.46%, whereas 
within 20 min, the UV absorbance changed only by 1.30%. Results indicated that the 
pigment was stable and the measured UV absorbance value was accurate within 30 
min, but it could be more accurate within 20 min. In order to improve the accuracy of 
detection and quantification, it is necessary to put the tube into iced water 
immediately to terminate the colorization reaction. Also, it is better to measure the 













   
     
   Figure 3.7 Stability test of aglycone colorization reaction product 
 
3.3.3 Method validation 
Criteria addressed for method validation were linearity, precision, LOD, LOQ and 
accuracy, by using ginsenoside Re as the standard compound. The linearity of the 
aglycone standard curve was well correlated with five concentration points within the 
range from 0.013 mM to 0.021 mM, with correlation coefficient of the linear 
regression of 0.9967. 
The precision of the analytical method was evaluated by standard deviation. 
Based on Equation 2.2, standard deviation of novel method was 0.76% (n = 3), which 
was lower than current method (SD =1.10%), indicating smaller variances of 
measured concentrations in every three parallel tests using the novel method. The 
LOD and LOQ calculated based on Equation 2.3 and Equation 2.4 were 7.48 μM and 
25.7 μM, respectively. This result indicated that the novel method had good sensitivity 




The accuracy of this analytical method was evaluated using the spike recovery 
test. Results of three parallel tests are shown in Table 3.2. Based on Equation 3.1, 
recovery rate = (1.495×0.5 - 1.419×0.25）/ (1.5×0.25）×100% = 104.8%, with standard 
deviation of 1.1% (n = 3). The recovery rate of the novel method is 104.8% ± 1.1%. 
Therefore, the method is accurate as shown by the percentage recovery values falling 
in the range of 90% - 110%.  
       

















Run 1 0.292 1.422 Run 1 0.306 1.490 103.9 
Run 2 0.298 1.451 Run 2 0.312 1.520 105.9 
Run 3 0.284 1.383 Run 3 0.303 1.476 104.6 
Mean 0.291 1.419 Mean 0.306 1.495 104.8 
SD (%) 0.7 3.4 SD (%) 1.1 2.2 1.1 
 
 
3.3.4 Quantification of total saponins via two methods 
The molar concentration of aglycone equals the molar concentration of total 
saponins in a certain sample solution. Because of the diversity of saponins, I 
simplified the calculation and expressed the total saponoins content as ginsenoside Re 





After SPE procedures, when the saponin solution was analyzed using current 
"official" method without the hydrolysis step, the ginsenoside Re standard curve 
(Figure 2.4) as well as Equation 2.1 were used for calculation. Treated by colorization 
reaction only, Re equivalent can be calculated by Equation 3.3: 
Re equivalent ( mg/mL) = (0.1692×Abs540 - 0.0113)×10×946.55÷1000 
                    = 1.6016×Abs540 - 0.1070                        (3.3) 
in which 946.55 is the molecular weight of ginsenoside Re.  
In contrast, after SPE, if the saponin solution was operated using the novel 
analytical method developed in this project, with an extra acid hydrolysis step before 
colorization reaction, the aglycone stardard curve (Figure 3.6) in addition to Equation 
3.2 were used for calculation. In the novel analytical method, Re equivalent can be 
calculated based on Equation 3.4: 
Re equivalent ( mg/mL) = (0.2576×Abs540 - 0.0001) ×10×2×946.55÷1000 
                    = 4.8766×Abs540 - 0.0019                        (3.4) 
Based on Equation 3.3 and Equation 3.4, the total saponins quantification results 
for eight samples, both hydrolyzed and not hydrolyzed, are listed in Table 3.3. The 
saponins contents are expressed as average value of Re equivalent ± standard 
deviation (n = 3).  
For the purpose of comparision, variations between the two methods are 
calculated based on Equation 3.5: 
Variation (%) = 
 
(Re equivalent with hydrolysis- Re equivalent without hydrolysis)
 Re equivalent without hydrolysis





Table 3.3 Saponins contents of samples, treated with or without hydrolysis.  
 
Sample Before hydrolysis After  hydrolysis Variation 












0.176±0.016 0.174±0.003 0.080±0.005 0.388±0.002 122 
Panax   
ginseng 
1.285±0.021 1.951±0.004 0.587±0.015 2.861±0.006 47 
Polygonatum 
sibiricum 
0.343±0.032 0.442±0.006 0.079±0.003 0.383±0.001 -13 
Angelica 
sinensis 
1.176±0.029 1.776±0.006 0.223±0.011 1.086±0.004 -39 
Cinnamomum 
cassia 
1.403±0.018 2.140±0.004 0.332±0.015 1.617±0.006 -24 
Rehmannia 
glutinosa 
1.326±0.036 2.107±0.005 0.126±0.011 0.613±0.003 -70 
Amomum 
villosum 
1.411±0.026 2.153±0.007 0.176±0.008 0.856±0.004 -60 
Product A 0.482±0.018 0.665±0.003 0.194±0.015 0.944±0.004 42 
      
        
From the results shown in Table 3.3, the total saponins contents measured by two 
methods produced very different results, with smallest discrepancy of 13% for 
Polygonatum sibiricum, and the biggest of 122% for Lycium barbarum. Although 
some samples showed higher saponins contents after hydrolysis, majority of them 
showed the opposite trend, including Polygonatum sibiricum, Angelica sinensis, 




were as expected.  
The novel analytical method showed some advantages. Firstly, the SPE treatment 
by C18 cartridge removed sugars and amino acids from samples, which reduced the 
interferences in total saponins quantification described in Section 2.3.3. Moreover, the 
SPE coupled with acid hydrolysis treatment significantly lightened the dark color of 
each sample. Before SPE treatment, all the samples were deep yellow-brown, 
red-brown or black, especially for Cinnamomum cassia, Polygonatum sibiricum, 
Rehmannia glutinosa and Amomum villosum extracts. After SPE, their colors became 
much lighter but were still visible and led to false positive interferences in the 
colorimetric determination. In particular, the SPE solutions of Rehmannia glutinosa  
and Amomum villosum were brown, whereas Cinnamon cassia became red. After 
hydrolysis, all the samples became colorless, except that of Panax ginseng was light 
yellow. Therefore, by eliminating the pigments existed in sample solutions, the 
interferences in colorimetric assay were decreased, and the accuracy could be 
increased. For Polygonatum sibiricum, Angelica sinensis, Cinnamomum cassia, 
Rehmannia glutinosa and Amomum villosum extracts, the saponins contents measured 
by this analytical method were lower than current method. One of the primary reasons 
was the color elimination effect of SPE combined with acid hydrolysis.   
Furthermore, acid hydrolysis removed the sugar moieties attached to aglycones, 
and reduced the potential of interferences. I suspected that the different profiles of 
sugar moities might produce different effects in colorization reaction. Theoretically, 




more consistent structures, made this analytical method more scientifically sound. 
Compared with current "official" method (SD = 1.10%) , this analytical method has 
lower standard deviation (0.76%), which indicates that hydrolysis treatment can result 
in more precise results.  
However, higher saponins contents were observed in Lycium barbarum, Panax 
ginseng, and Product A using novel analytical method. Because the mechanisms 
behind the colorization reaction remain unclear, I cannot fully explain this result. One 
possilbe reason is that, the molecular weight of ginsenoside Re is used as an 
estimation in Equation 3.4. The three samples may contain saponins whose molecular 
weights are smaller than ginsenoside Re, such as ginsenoside Rf, F1, F2, and Rg3, as 
listed in Figure 2.1. Nevertheless, by eliminating the interferences existed in sample 
solutions, as well as the different sugar moieties, our method described herein 
provides a superior way to quantify total saponins in botanical materials. The good 
sensitivity, the feasbile and user- friendly profiles of this analytical method, also fulfill 




















Due to their biological and pharmaceutical functions, the separation and 
characterisation of saponins are important in evaluating their impacts on health and 
nutrition. However, saponins usually exist as complex mixtures due to slight structural 
variations, which make their separation and characterisation difficult. Besides the 
colorization reaction measured by UV spectroscopy, high-performance liquid 
chromatography (HPLC) is another useful technique for analyzing saponins. 
Concerning HPLC analysis, reversed-phase C18 column has been reported to analyze 
saponins from foods and traditional Chinese herbs. For instance, Kao et al separated 
34 saponins from Gynostemma pentaphyllum (Thunb.) Makino, a traditional Chinese 
herb with antioxidant and antitumor activities. They utilized a C18 column as 
stationary phase, whereas formic acid (0.1% in water) and acetonitrile (100%) as 
mobile phase 69. Gu et al separated four saponins in soyabean by RP C18 column as 
well 70. Therefore, this column was used in my project to analyze saponins from 
botanical materials.   
Mass spectroscopy is commonly used to characterise the structures of saponins. 
ESI-MS spectra can show the units and linkage character via a series of molecular 




characterisation can be achieved simultaneously. Gu et al also used ESI-MS to 
characterise the soyasaponins separated by RP C18 column on HPLC and obtained 
their chemical structures based on mass patterns 70. 
The HPLC or HPLC-ESI-MS analysis for the aglycone of saponins were rarely 
reported. It is unclear whether RP C18 column can separate the aglycones of 
ginsenosides, and the HPLC elution conditions are still unknown. Existing literatures 
primarily focus on analyzing aglycones of flavonols and isoflavones. For instance, 
Olszewska developed a reversed-phase HPLC method for the simultaneous 
determination of four ﬂavonol aglycones (quercetin, sexangularetin, kaempferol, and 
isorhamnetin) in hydrolyzed extracts from three Sorbus species. The separation was 
accomplished on a C18 column, using water (100%) and methonal (100%) as mobile 
phase 71. Fiechter et al developed a UPLC method with a C8 column for the 
quantification of total isoflavone aglycones, obtained by enzymatic hydrolysis of 
isoflavones in soyabean. Formic acid (0.3% in water) and methanol (100%) are 
selected as mobile phase 72. Because of different chemical structures and properties, it 
is unknown whether the reported methods are suitable for aglycones of ginsenosides. 
Nevertheless, their results may be adapted as potential approaches to quantifying the 








4.2 Instruments and methods 
4.2.1 Instruments  
The HPLC analyis were carried out on a Waters 2695 HPLC system, coupled 
with a photodiode array detector (PDA) (Waters 2996) and auto sampler (Waters 717 
plus). The HPLC column used was a 150×4.6 mm, 5 μm reversed phase C18 column 
(Phenomenex, CA, USA). The mobile phase A was water (100%), whereas the mobile 
phase B was acetonitrile (100%). The detection wavelength, for both saponins and 
aglycones, were 203 nm. HPLC-ESI-MSn analysis was conducted using Bruker 
Amazon ion trap mass spectrometer (Billerica, USA) equipped with Dionex ultimate 
3000RS HPLC system (Bannockburn, USA). The heated capillary and spray voltage 
were maintained at 250 ℃ and 4.5 kV, respectively. Nitrogen was operated at 80 psi 
for sheath gas flow rate and 20 psi for auxiliary gas flow rate. The full scan mass 
spectra from m/z 50–2000 were acquired in both positive and negative ion mode with 
a scan speed of one scan per second. The MSn collision gas was helium with collision 
energy of 30% of the 5V end cap maximum tickling voltage.  
 
4.2.2 Analysis of ginsenoside Re and aglycone  
Ginsenoside Re (10 mg) was weighted accurately and dissolved in methanol (10 
mL) to give ginsenoside Re stock solution (1 mg/mL). The stock solution was diluted 
by 2, 4, 6, 8, and 16 times using methanol, to give five ginsenoside Re standard 
solutions with different concentrations. Each standard solution was injected to HPLC 




ginsenoside Re was shown in Table 4.1. Methanol was injected to HPLC as the blank 
control group for reference. 
 
Table 4.1 Gradient procedure for ginseng saonins HPLC analysis 
Time        
(min) 
Flow rate  
(mL/min) 
Phase composition 
% A (Water) % B (Acetonitrile) 
0 1.0 80 20 
20 1.0 75 25 
25 1.0 70 30 
30 1.0 60 40 
50 1.0 50 50 
60 1.0 30 70 
 
Meanwhile, ginsenoside Re (20 mg) was weighted accurately and dissolved in 
methonal (2 mL) to give ginsenoside Re stock solution (10 mg/mL). This stock 
solution (0.5 mL) was treated by the SPE procedures described in Section 3.2.2, 
followed by acid hydroysis under the optimal condition described in Section 3.3.1. 
After hydrolysis, toluene (5 mL) was added into the mixture for the purpose of 
aglycone extraction. and followed by the addition of water (3 mL) to wash the organic 
phase two times. Thus, the aglycone and saccharrides could be separated. The organic 
phase separated was evaporated on rotary evaporator under reduced pressure to 




analysis. The resulting aglycone solution was diluted by 2, 4, 8, and 16 times using 
acetonitrile, to give five aglycone standard solutions with different concentrations. 
After filtered by a 0.45 μm micro-filter, each aglycone standard solution was injected 
into HPLC and LC-MS for further analysis. The solvent gradient sequence for HPLC 
analysis of aglycone was shown in Table 4.2. Equal volume of methanol (0.5 mL) 
was treated by the same procedures mentioned before, and used as the blank control 
group for reference. 
 
Table 4.2 Gradient procedure for ginseng aglycones HPLC analysis 
Time        
(min) 
Flow rate  
(mL/min) 
Phase composition 
% A (Water) % B (Acetonitrile) 
0 1.0 80 20 
20 1.0 60 40 
30 1.0 50 50 
40 1.0 30 70 
50 1.0 20 80 
 
4.2.3 Analysis of saponins in botanical extracts  
Three botanical extracts from Hainan Yedao Wine Company (Haikou, China) 
were used for HPLC and LC-MSn analysis. Wolfberry extract (20 mL) and the 
commercial wine product A (20 mL) were evaporated to dryness using rotary 




was also evaporated to dryness, followed by adding methanol (1 mL). Thus, 
wolfberry extract and product A were condensed by 20 times, while ginseng extract 
was condensed by 2 times.   
For saponins analysis in wolfberry extract, ginseng extract, and Product A, each 
condensed solution (1 mL) was treated through SPE procedures as described in 
Section 3.2.2. After reconstitution with methanol (1 mL), the SPE solution was 
filtered by a 0.45 μm micro-filter before analyzing by HPLC and LC-MSn 
subsequently. The HPLC elution conditions for condensed product A and ginseng 
extract were the same with Table 4.1, whereas the solvent gradient sequence for 
condensed wolfberry extract was shown in Table 4.3.  
 
Table 4.3 Gradient procedure for wolfberry saponin HPLC analysis 
Time     
(min) 
Flow rate    
(mL/min) 
Phase composition 
% A (Water) % B (Acetonitrile) 
0 0.8 90 10 
10 0.8 80 20 
25 0.8 70 30 
40 0.8 60 40 
 
4.2.4 Analysis of different aglycones  
For aglycone analysis, acid hydrolysis was carried out using each SPE solution 
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After reconstituting with acetonitrile (0.5 mL), the resulting aglycone solutions were 
filtered by 0.45 μm micro-filters before injection into HPLC and LC-MS systems. The 
gradient procedure used for the three aglycone solutions were the same with 
conditions in Table 4.2. 
 
4.3 Results and discussion 
4.3.1 Ginsenoside Re and aglycone 
Using the elution conditions in Table 4.1, a peak of ginsenoside Re standard was 
obtained on HPLC chromatogram with retention time around 11 min (Figure 4.1), 
and further identified by LC-MS with m/z [M-H]- of 945.6. For blank control group 




           
 
 
         Figure 4.1 HPLC chromatogram of ginsenoside Re standard ( = 203 nm) 
        
To examine the feasibility of individual saponin quantification using HPLC, a 
standard curve for ginsenoside Re at concentrations ranging from 0.0625 to 1 mg/mL 





the concentrations of standard solutions (x-axis). Equations generated via linear 
regression were used to calculate ginsenoside Re concentrations. The linearity of the 
ginsenoside Re standard curve was well correlated with the five concentration points 
within the range from 0.0625 to 1.0 mg/mL (Figure 4.2). The standard curve 
employed was a linear regression with the correlation coefficient of 0.999. 
 
 
               Figure 4.2 HPLC standard curve of ginsenoside Re  
      
To evaluate the sensitivity of the HPLC quantification of ginsenoside Re, LOD 
and LOQ were determined according to Equation 4.1 and Equation 4.2: 
                          LOD = 
3×SD
 b
                         (4.1) 
                          LOQ = 
10×SD
 b
                        (4.2) 
in which SD represents the standard deviation associated with the ginsenoside Re 
standard curve and b represents the corresponding slope. By calculation, the LOD and 




Compared with colorimetric determination results described in Section 2.3.2, the 
LOD and LOQ for HPLC quantification of ginsenoside Re are approximately two 
times greater, which indicates that the sensitivity of HPLC quantification method is 
lower than colorimetric method.  
Besides low sensitivity, there are other defficiencies of HPLC quantification 
method. For instance, it is only applicable to quantify individual saponin, and cannot 
quantify total saponins content. And in contrast with colorization reaction, the HPLC 
method is time consuming. Before injecting samples, the equilibrate and condition 
column steps will take extra 1-2 h. In a complex sample, an additional identification 
step using HPLC-ESI-MS is necessary, in order to determine which peaks are 
associated with saponins. Also, if using different HPLC instrument or different size of 
RP C18 column, the standard curve of ginsenoside Re may be different.   
Furthermore, the aglycone of ginsenoside Re was also separated by RP C18 
column. Its HPLC chromatogram was shown in Figure 4.3, with rentention time 
around 37 min, and further identified by LC-MS with m/z [M+H]+ of 477.4. The peak 
of ginsenoside Re was not detected, indicating that the acid hydrolysis was complete. 
The peak at 26 min was due to toluene, because it could also be observed in the HPLC 
chromatogram of blank control group (Figure 4.4). The high boiling point makes it 













































Figure 4.4 HPLC chromatogram of the blank control group of aglycone ( = 203 nm) 
 
4.3.2 Identification of saponins in plant extracts  
(1) Ginseng extract 
The HPLC separation result of saponins in ginseng extract was shown in Figure 
4.5. To further identify these peaks, HPLC-ESI-MSn was performed and the results 
were summarized in Table 4.4. The structures of saponins were assigned based on m/z 
of their parent ions and their corresponding fragment ions from MSn. The saponins 
were identified by comparing with existing literatures 33, 73-75. 
Peak 1 gave the m/z value of 931.4. Its anionic MS2 and MS3 gave main daughter 






was assigned to be the cleavage of one molecule of xylose, m/z 637.2 [M-H-132-162]- 
might result from further loss of glucose, and m/z 475.1 [M-H-132-162×2]- was 
aglycone. Thus, peak 1 was assigned as notoginsenoside R1. Peak 2 was ginsenoside 
Re, which showed the same retention time and molecular weight (m/z 945.4 [M-H]-) 
compared with the standard compound described in Section 4.3.1. Peak 3 gave the m/z 
value of 955.4. Its main fragment ions at m/z 793.7 [M-H-162]- was assigned to be the 
cleavage of glucose, and m/z 613.5 [M-H-162×2-18]- might arise from the further 
loss of glucose and one molecule of water. Thus, peak 3 was assigned to be 
ginsenoside Ro. Peak 5 gave the m/z value of 799.4. Its main fragment ions were 
similar with notoginsenoside R1, at m/z 637.3 [M-H-162]- and 475.4 [M-H-162×2]- , 
which were common fragments from glycosidic bonds cleavage. Thus, peak 5 was 
assigned as ginsenoside Rf. Peak 6 had the m/z value of 769.4. Its main daughter ions 
at m/z 637.2 [M-H-132]- and m/z 475.2 [M-H-132-162]- might arise from losing one 
molecule of xylose and glucose, respectively. Peak 6 was therefore assigned to be 
notoginsenoside R2. Peak 7 had the m/z value of 945.4. The three fragment ions at m/z 
783.8 [M-H-162]-, 621.3 [M-H-162×2]-, 459.2 [M-H-162×3]- might arise from 
losing 1-3 molecules of glucose. Thus, peak 7 was assigned to be ginsenoside Rd. 
Peak 8 gave the m/z value of 915.4. Its main fragment ions at m/z 783.5 [M-H-132]- 
and 621.2 [M-H-132-162]- were produced from the loss of xylose and glucose, which 
were similar with notoginsenoside R2. Therefore, peak 8 was assigned to be 
ginsenoside Rd2. Peak 4 and peak 9 cannot be identified, due to the lack of 
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might not belong to saponins.  
 
Table 4.4 Compounds identification for ginseng extract by HPLC-ESI-MSn 
Peak number Compound identity m/z [M-H]-  MSn fragmentation ions 
1 Notoginsenoside R1 931.4 799.3, 637.2, 475.1 
2 Ginsenoside Re 945.4 799.4, 637.9, 475.2 
3 Ginsenoside Ro 955.4 793.7, 613.5 
4 Not reported 743.3 453.1, 376.8 
5 Ginsenoside Rf 799.4 637.3, 475.4 
6 Notoginsenoside R2 769.4 637.2, 475.2 
7 Ginsenoside Rd 945.4 783.8, 621.3, 459.2 
8 Ginsenoside Rd2 915.4 783.5, 621.2 
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(2) Product A 
After SPE procedures, the commercial wine product A was also analyzed by 
HPLC and LC-MSn. The HPLC chromatogram indicated that saponins from ginseng 
extract were the major sources of saponins in product A. But the conentration of 
saponins was much lower than in ginseng extract. The peaks in product A (Figure 4.6) 
were identical with peak 1, 2 and 5-9 in ginseng extract (Figure 4.5). Their LC-MSn 






Figure 4.6 HPLC chromatogram of product A ( = 203 nm) 
(3) Wolfberry extract 
The HPLC chromatogram of wolfberry extract was given in Figure 4.7 with one 
peak obtained at 11 min, and further identified by LC-MSn. This compound gave m/z 
value of 958.4 on positive mode. Its main fragment ions at 797.0 [M+H-162]+, 634.3 
[M -162×2]+, and 472.2 [M -162×3]+ might arise from losing 1-3 molecules of 
glucose. This is a triterpenoid saponin, named as Clinopodiside A. Based on observed 
m/z values, the chemical structure of Clinopodiside A was shown in Figure 4.8 76. 
Compared with ginsenoside Re, it contains two more olefinic bonds on its aglycone. 
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if using the same elution conditions with ginsenoside Re, the peak of Clinopodiside A 
could be eluated within 5 min, which could not be separated well with solvent peaks. 
Thus, the gradient procedure for Clinopodiside A was adjusted, by starting with 























4.3.3 Characterisation of aglycones  
The three sample solutions were hydrolyzed and analyzed by HPLC and LC-MS. 
For wolfberry extract, after hydrolysis, the aglycone of Clinopodiside A was 
separated by C18 column with retention time of 24 min (Figure 4.9 A). The LC-MS 
data of this aglycone was consistent with the results in Section 4.3.2, with m/z 
[M+H]+ of 473.3. For ginseng extract (Figure 4.9 B) and product A (Figure 4.9 C), 
after hydrolysis, they produced the same aglycone, whose retention time (37 min) and 
molecular weight (m/z [M+H]+ 477.4) were consistent with that of ginsenoside Re 
described in Section 4.3.1. Besides the peak produced from toluene residue at 26 min, 
ginseng extract produced only one peak from the aglycone of ginsenosides. This is 
also one of the advantages for acid hydrolysis. The number of peaks can be reduced, 
thus the analysis become simple. The HPLC chromatogram of product A has one 
more peak at 8 min (Peak 1) compared with ginseng extract. By comparison with the 
UV-vis absorbance of ginsenoside Re, as well as the aglycones of ginsenosides and 
Clinoposide A, this is an irrelevant compound because its characteristic peak in the 
absorbance spectra located at 220 nm, which are different with that of ginsenoside Re 




































































Figure 4.9 HPLC chromatogram of hydrolyzed A) wolfberry extract; B) ginseng 
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Figure 4.10 UV-vis absorbance of A) unknown compound in hydrolyzed product A; 























In this project, I have shown that the current "official" colorimetric determination 
method of total saponins suffer from great interferences caused by common food 
components, such as sugars, amino acids, fatty acids, and pigments. They will lead to 
over-estimation results in total saponins quantification. In order to achieve higher 
accuracy, an analytical method for total saponins quantification has been successfully 
developed and validated. In this method, an extra acid hydrolysis step is carried out 
prior to colorization reaction, to eliminate the sugar moieties attached on aglycone. 
For complex samples, solid phase extraction is necessary before hydrolysis. Results of 
method validation indicate that this method has good sensitivity, with higher precision 
and accuracy than current "official" method. Seven botanical extracts and one 
commercial wine product are treated by both current and novel quantification method. 
Results indicate that the novel method can remove the interferences and increase 
accuracy for total saponins quantification. Therefore, it is a promising method to be 
applied in total saponins quantification for food and medicinal products. The 
development of a scientifically sound quantification method for total saponins will 
make contributions to studies in evidence-based functional foods derived from 
traditional Chinese medicine. 
Reversed-phase C18 column is successfully applied to analyze saponins by 




individual saponin aglycone and may help elucidate particular saponins in functional 
foods.  
Based on my findings, there are future work to do in order to establish convenient 
and accurate quantification method that can be applied in different research fields. 
These include: 
(1) Multiple lab validation of total saponins quantification using acid hydrolysis 
coupled with colorization method. This new method shall be in place to replace to old 
method currently in use as “official method”. Incorrect methods are not suitable for 
safe guarding the qualities of functional foods that rely on saponins as the bioactive 
constituents. 
(2) Develop and validate the HPLC method for quantification of total aglycones. 
The polarities of aglycones of saponins are similar and they can be eluted from the 
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